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INTRODUCTION 

Tliere  is  biological  evidence  that  glucose  and  other  factors  related  to  glucose 
metabolism,  such  as  insulin  and  insulin-like  growth-factors  (IGFs)  may  contribute  to 
breast  cancer  development.  Glucose  may  play  a  direct  role  in  the  development  of  breast 
cancer  by  favoring  the  “selection”  of  malignant  cell  clones  (1).  Neoplastic  cells  have 
been  shown  to  extensively  utilize  glucose  for  proliferation  (1).  Increased  metabolism  of 
glucose  toward  the  pentose  phosphate  pathways  is  one  of  the  central  metabolic 
characteristics  of  malignant  tissues  (2).  In  addition,  insulin  is  a  powerful  mitogenic  agent. 
In  cell  culture,  insulin  induces  dose-dependent  growth  response  in  breast  cancer  cell  lines 
acting  via  insulin  receptor  (3-5).  Moreover,  insulin  may  also  play  a  role  in  tumor 
promotion  by  upregulation  of  ovarian  steroid  secretion  (6,7).  Intraportal  insulin  levels 
influence  IGF-1  bioavailability  (8).  IGF-I  is  a  small  peptide  (about  7,500  DA)  with 
significant  structural  homology  with  proinsulin  and  insulin  (9),  and  is  highly  regulated  by 
growth  hormone  (GH)  (10).  IGF-I  stimulates  multiple  cellular  responses  that  are  related 
to  growth,  including  synthesis  of  DNA,  RNA,  and  cellular  proteins  (11). 

There  is  epidemiological  evidence  of  a  close  association  between  major  alteration 
in  glucose  metabolism  and  breast  cancer  risk.  In  two  prospective  studies  there  was  a 
doubling  of  breast  cancer  risk  for  women  who  had  a  diagnosis  of  diabetes  at  baseline  (12, 
13).  Prospective  epidemiological  evidence  also  supports  an  etiological  role  of  IGF-I  in 
the  development  of  breast  cancer  (14,  15).  Furthermore,  consistent  with  the  evidence  of  a 
positive  association,  variables  related  to  insulin  resistance  such  as  BMI  and  abdominal 
adiposity  have  been  related  prospectively  to  breast  cancer  risk  (16-19). 
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The  purpose  of  the  present  prospective  nested  case-control  study  was  to 
investigate  the  association  of  prospectively  measured  serum  fasting  glucose,  serum 
insulin,  and  IGF-I  pattern,  defined  in  the  present  analysis  by  IGF-I,  free  IGF-I,  and  IGF-I 
binding  proteins  IGFBP-1,  IGFBP-2,  and  IGFBP-3,  with  breast  cancer  risk.  The  primary 
hypothesis  of  the  study  was  that  fasting  glucose,  insulin,  and  IGF-1  pattern  were 
associated  with  breast  cancer. 

BODY 

Between  June  1987  and  June  1992, 10,786  healthy  women,  aged  35  to  69  years, 
residents  of  Varese  province.  Northern  Italy,  participated  in  a  prospective  study  of 
hormones,  diet,  and  breast  cancer  risk;  the  HORmones  and  Diet  in  the  ETiology  of  breast 
cancer  prospective  cohort  study  (ORDET)  (20, 21).  All  members  of  the  cohort  were 
volunteers  recruited  from  the  general  population  through  radio,  television  and  newspaper 
advertising.  Women  were  also  invited  to  participate  in  the  study  through  meetings 
organized  by  municipalities,  local  offices  of  the  Italian  National  Health  System,  women’s 
associations,  churches,  and  unions.  There  were  162,700  women  between  35  and  69  years 
of  age  (the  age-range  of  the  cohort  study)  in  Varese  province  during  the  recruitment 
phase  of  the  study  (22).  Thus,  the  total  number  of  women  recruited  in  the  cohort 
represented  approximately  7%  of  the  general  population  of  women  in  that  age  range  in 
Varese  province. 

The  major  focus  of  the  ORDET  study  was  the  relation  of  endogenous  hormones 
with  breast  cancer  risk.  Thus,  at  recruitment  several  sources  of  hormone  variability  were 
controlled  for  by  both  inclusion  criteria  and  highly  standardized  conditions  at  blood 
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drawing.  Women  with  bilateral  ovariectomy,  those  currently  pregnant  or  breast-feeding, 
those  on  oral  contraceptives  or  hormone  replacement  therapy,  or  those  affected  by 
metabolic  diseases  influencing  the  endocrine  profile  (i.e.,  liver  diseases)  were  not  eligible 
for  the  study.  Women  with  a  previous  history  of  cancer  were  also  not  eligible.  At 
baseline,  information  on  diet,  reproductive  history,  family  history  of  breast  cancer, 
education,  and  occupational  history  were  collected  together  with  data  on  height,  weight, 
and  other  anthropometric  characteristics.  On  June  1995,  after  an  average  of  5.5  years  of 
follow-up,  the  ORDET  data  were  linked  with  the  local  Lombardy  Cancer  Registry  (23, 
24)  files  to  identify  breast  cancer  cases  and  with  the  regional  municipal  data  of  Varese 
residents  to  check  the  vital  status  of  the  cohort  members.  Ten  women  were  considered 
lost  to  follow-up,  37  women  had  been  diagnosed  with  breast  cancer  before  enrollment  in 
the  cohort,  four  were  diagnosed  with  breast  cancer  in  situ.  Thus,  there  were  10,735 
women  available  for  this  study.  Among  those,  89  died  from  causes  other  than  breast 
cancer  and  144  were  identified  by  the  cancer  registry  as  cases  of  invasive  breast  cancer 
(73  were  premenopausal  and  71  postmenopausal  at  the  time  of  recruitment). 
Postmenopausal  status  was  defined  as  the  absence  of  menstrual  bleeding  for  at  least  12 
months  before  enrollment. 

For  each  breast  cancer  case,  four  matched  control  subjects  were  randomly  chosen 
from  members  of  the  cohort  who  did  not  develop  breast  cancer  during  the  follow-up 
period.  Controls  were  matched  to  cases  on  age  (±  5  years),  menopausal  status,  daylight 
saving  period  at  recruitment,  recruitment  center  (there  were  two  recruitment  centers)  and 
recruitment  period  (±  89  days). 
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Among  the  premenopausal  women,  there  were  no  stored  serum  specimens  for  4 
breast  cancer  cases  and  11  control  subjects  and  the  final  analysis  included  69  breast 
cancer  cases  and  265  control  subjects  (the  16  control  subjects  matched  to  the  missing 
breast  cancer  cases  were  also  excluded).  Among  the  postmenopausal  group  of  women, 
seven  breast  cancer  cases  and  18  controls  did  not  have  serum  samples  in  the 
biorepository.  Thus,  the  final  analysis  included  64  breast  cancer  cases  and  238  control 
subjects  (again,  28  control  subjects  matched  to  the  missing  breast  cancer  cases  were  also 
excluded). 

At  recruitment,  blood  samples  were  collected  after  12  hours  fasting  between  7:30 
and  9;00  AM  from  all  participants  in  the  study.  For  premenopausal  women,  blood  was 
collected  in  the  luteal  phase  of  the  menstrual  cycle,  between  the  20th  and  24th  day,  where 
the  first  day  of  menses  was  counted  as  the  first  day  of  the  ovarian  cycle.  All  blood 
samples  were  processed  and  stored  at  -80°C  until  biochemical  determinations. 

Stored  serum  samples  from  breast  cancer  cases  and  related  controls  were  handled 
identically  and  assayed  together  on  the  same  day  and  in  the  same  run.  All  laboratory 
personnel  were  masked  with  regard  to  case-control  status.  The  control  of  analytical  error 
was  based  on  the  inclusion  of  three  standard  samples.  Serum  glucose  was  determined  on 
a  Cobas  Mira  automated  chemistry  analyzer  (Roche  Diagnostic  Systems,  Indianapolis, 
IL).  The  intrabatch  coefficient  of  variation  derived  from  the  quality  control  serum 
included  in  the  analytical  runs  was  2.5%.  Serum  insulin  was  determined  by  standard 
double  antibody  radioimmimoassay  (Diagnostic  Systems  Laboratories,  Webster,  Texas), 
with  an  intrabatch  coefficient  of  variation  of  5.2%.  IGF-I,  free  IGF-I  and  IGFBPs  were 
determined  by  double-antibody,  immunoradiometric  assay  (IRMA)  (Diagnostic  Systems 
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Laboratories,  Inc.,  Webster,  Texas).  The  mean  intrabatch  coefficients  of  variation  derived 
from  the  quality  control  serum  included  in  the  analytical  runs  were  4.5%  for  IGF-I, 

12.8%  for  free  IGF-I,  2.8%  for  IGFBP-1, 6.4%  for  IGFBP-2,  and  4.3%  for  IGFBP-3. 
Intraindividual  variability  for  fasting  serum  glucose,  insulin,  IGF-I,  free  IGF-I  and  the 
IGF-I  binding  proteins  was  evaluated  in  a  sample  of  59  cohort  members  who  were  asked 
to  come  to  the  recruitment  center  for  a  second  visit  one-year  after  enrollment  (25). 
Exclusion  criteria  applied  at  the  second  drawing  were  as  follows:  pregnancy  or 
breastfeeding,  diagnosis  of  cancer  and  change  in  menopausal  status  between  the  first  and 
the  second  visit.  Both  first  and  second  blood  drawing  were  performed  one-year  apart  in 
the  same  month,  on  the  same  day  of  the  month,  and  at  the  same  hour  and  minute  of  the 
day  between  7:30  and  9:00  AM  after  an  overnight  fast.  In  premenopausal  women,  the  two 
blood  draws  were  taken  on  the  same  day  of  the  luteal  phase  of  the  menstrual  cycle. 
Statistical  Analysis  Means  and  standard  deviations  for  serum  glucose,  insulin,  IGF-I, 
free  IGF-I,  IGFBP-1,  IGFBP-2,  IGFBP-3  and  for  other  risk  factors  for  breast  cancer  were 
computed,  and  compared  for  cases  and  control  subjects  with  one-way  ANOVA.  Means  of 
the  variables  were  also  computed  for  premenopausal  and  postmenopausal  women  and 
compared  with  the  t-test  for  unpaired  samples.  Due  to  skewed  distributions,  serum 
glucose,  insulin,  IGFBP-1  and  IGFBP-2  and  free  IGF-I  were  log  transformed  for  all 
analyses.  Quartiles  of  exposure  for  the  relevant  variables  were  calculated  based  on  the 
distribution  of  the  controls.  We  estimated  relative  risks  (RR)  (26)  and  95%  confidence 
intervals  (Cl)  using  conditional  logistic  regression.  For  adjusted  analyses,  we  controlled 
for  age,  body  mass  index  (BMI),  waist-to-hip  ratio  and  social  and  economic  status  (SES), 
expressed  as  category  of  employment,  and  reproductive  variables  including  age  at 
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menarche,  age  at  first  child,  parity,  and  age  at  menopause.  Models  also  were  fit  using  the 
continuous  data  to  test  for  linear  trends. 

Interactions  between  each  component  of  glucose  metabolism  and  IGF-I  pattern 
with  menopausal  status  were  tested  in  the  logistic  regression  models  by  examination  of 
the  product  terms  for  each  considered  variable  and  menopausal  status.  Similarly, 
interactions  between  each  component  of  glucose  metabolism  and  IGF-I  pattern  with  BMI 
and  with  waist-to-hip  ratio  were  examined. 

Reliability  of  hormone  determinations  was  evaluated  by  the  intraclass  correlation 
coefficient  (ICC)  (27). 

Results 

The  ICCs  and  the  lower  limit  of  the  95%  confidence  interval,  reported  in  parenthesis, 
were:  0.72  (0.52),  0.70  (0.49),  0.81  (0.68),  and  0.79  (0.65)  for  glucose,  insulin,  IGF-I,  and 
free  IGF-I,  respectively.  For  IGFBPs,  ICCs  were  0.89  (0.82),  0.82  (0.69)  and  0.60  (0.33) 
for  IGFBP-1,  IGFBP-2,  and  IGFBP-3,  respectively.  There  were  not  systematic 
differences  in  reliability  across  all  the  considered  biomarkers  by  menopausal  status  or  age 
groups  (less  than  or  older  than  49  years  which  was  the  median  age  of  women  in  this 
reliability  study).  IGF-I  and  glucose  measurements  were  the  only  two  variables 
characterized  by  a  notably  larger  error  in  premenopausal  than  in  postmenopausal  women. 
ICCs  were  0.59  (0.15)  and  0.53  (0.15)  versus  0.85  (0.69)  and  0.74  (0.45). 

In  Table  1,  we  report  descriptive  data  on  the  study  participants.  Serum  glucose 
and  insulin  levels  were  approximately  5%  and  15%  lower  for  premenopausal  than  for 
postmenopausal  women.  The  premenopausal  women  also  had  30%  higher  IGF-I  levels, 
and  15%  lower  free  IGF-I,  20%  lower  IGFBP-1,  and  5%  lower  IGFBP-3. 
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Premenopausal  women  were  thinner,  younger  at  menarche,  younger  at  their  first  birth, 
and  had  less  abdominal  adiposity.  We  tested  interaction  terms  of  each  of  the  IGF  pattern 
and  glucose  metabolism  variables  with  menopausal  status  and  interactions  were  not 
significant  for  insulin,  free  IGF-I,  IGFBP-1,  and  IGFBP-2;  they  were  borderline 
statistically  significant  for  IGF-I  and  IGFBP-3  (p  =  0.1),  and  statistically  significant  for 
glucose  (p  =  0.04).  The  evidence  of  those  statistically  significant  interactions  between 
IGF-I,  IGFBP-3,  and  glucose  with  menopausal  status,  and  the  general  evidence  that  the 
effect  of  reproductive  factors  and  BMI  differ  according  to  menopausal  status  (28-31),  led 
us  to  conduct  separate  analyses  in  premenopausal  and  postmenopausal  women. 

In  premenopausal  women,  serum  fasting  glucose  was  positively  correlated  with 
insulin,  BMI,  and  waist-to-hip  ratio  (r=0.29,  r=0.20  and  r=0.15,  respectively  with 
p<0.01).  It  was  also  negatively  correlated  with  IGFBP-1  (r=-0.20,  p<0.001).  In 
postmenopausal  women,  fasting  glucose  was  only  related  to  insulin  (r=0.37,  p<.0.001) 
and  with  IGFBP-1  (r=0.31,  p<0.001).  In  both  premenopausal  and  postmenopausal 
women,  insulin  was  positively  related  to  BMI  (r=0.30  for  both  groups,  p<0.005)  and 
waist-to-hip  ratio  (r=0.20  for  both  groups,  p<0.005).  In  addition,  it  was  negatively 
correlated  with  IGFBP-1  (r=-0.29,  p<0.001)  in  premenopausal  women  and  with  IGFBP-2 
(r=0.2  p<0.005)  in  postmenopausal  women. 

IGF-T  was  correlated  with  TGFBP-3  (r=0.42  and  r=0.52  in  premenopausal  and  in 
postmenopausal  women,  respectively,  p<0.001)  and  negatively  with  age,  IGFBP-1  and 
IGFBP-2  (r=-0.26,  r=-0.28,  r=-20,  respectively  in  premenopausal  and  r=-0.24,  r=-0.39, 
r=-35,  in  postmenopausal  women,  p<0.005). 
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BMI  and  waist-to-hip  ratio  were  correlated  with  an  r=  0.28  (p<0.001)  in 
premenopausal  and  r=0.3 1  (p<0.001)  in  postmenopausal  women. 

Breast  cancer  risks  in  relation  to  quartiles  of  glucose,  insulin,  IGF-I,  free  IGF-I, 
IGF-I  binding  proteins  are  shown  in  Table  2  and  Table  3  for  premenopausal  and 
postmenopausal  women. 

Premenopausal  women  in  the  highest  quartile  of  fasting  glucose  were  at  almost 
three  times  higher  risk  of  developing  incident  breast  cancer  compared  with  those  in  the 
lowest  quartile  (adjusted  RR  2.76;  95%  Cl,  1.18  -  6.46,  p  for  trend  =  0.04).  In  the  same 
group  of  women,  insulin  showed  a  slightly  higher  risk  in  the  third  and  fourth  quartiles. 
All  the  confidence  intervals  included  unity  and  there  was  no  evidence  of  a  linear  dose- 
effect  relation  (p  for  trend  =  0.32).  Breast  cancer  risk  increased  with  increasing  serum 
IGF-I,  the  upper  quartile  adjusted  RR  was  3.12  (95%  Cl,  1.13  -  8.60,  p  for  trend  =  0.03). 
No  significant  association  between  free  IGF-I  and  IGFBP-1  and  breast  cancer  was  found 
in  premenopausal  women.  However,  there  was  some  suggestion  of  an  increased  risk 
associated  with  free  IGF-I  levels  above  the  median  (adjusted  RR  =  1.80;  95%  Cl  =  0.99  - 
3.36  for  levels  above  versus  below  the  median).  Finally,  in  premenopausal  women, 
higher  levels  of  IGFBP-3  (highest  quartile  versus  lowest  quartile)  were  linked  to  higher 
risk  of  breast  cancer  (adjusted  RR  =  2.3;  95%  Cl,  0.97  -  5.53,  p  for  trend  =  0.02). 

In  premenopausal  women,  we  performed  an  additional  analysis  by  strata  of  age  at 
diagnosis:  the  analysis  was  done  in  premenopausal  women  who  had  breast  cancer 
diagnosed  before  and  after  age  of  48  years,  the  median  age  at  menopause  in  controls.  In 
general,  the  associations  of  fasting  glucose,  insulin  and  IGF-1  pattern  with  breast  cancer 
were  stronger  in  women  recruited  in  premenopausal  status  who  were  diagnosed  with 
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breast  cancer  after  48  years  age.  However,  the  point  estimates  were  characterized  by  very 
large  confidence  intervals  (Tables  4  and  5). 

Associations  of  breast  cancer  risk  with  glucose,  insulin  and  IGF-I  pattern  for 
postmenopausal  women  were  generally  weaker  than  for  premenopausal  women  and  not 
statistically  significant. 

Results  for  premenopausal  and  postmenopausal  women  were  similar  to  those 
shown  in  tables  2  and  3  when  waist-to-hip  ratio  was  added  as  a  confounder.  Adjusting 
RRs  for  glucose,  insulin,  IGF-I  and  free  IGF-I  for  IGFBPs  also  did  not  alter  estimates 
appreciably.  Furthermore,  the  adjustment  of  insulin  for  glucose,  glucose  for  insulin  or 
IGF-I,  and  IGF-I  for  insulin  or  glucose  did  not  alter  the  point  estimates  shown  in  Table  2 
and  in  Table  3  as  well. 

Twenty-one  women  (4  women  who  later  developed  breast  cancer  and  17  control 
subjects)  were  diagnosed  with  diabetes  (either  type  1  or  type  2)  before  the  enrollment  in 
the  study.  In  addition,  12  women  (three  breast  cancer  and  nine  control  subjects)  showed 
serum  fasting  glucose  levels  at  baseline  that  were  higher  than  126  mg/dL,  the  threshold 
value  for  the  definition  of  clinical  diabetes  (32).  We  repeated  ail  analyses  with  the 
exclusion  of  these  33  subjects  and  the  controls  matched  to  the  seven  breast  cancer  cases 
(28  subjects)  and  fovmd  that  the  point  estimates  were  similar  to  those  based  on  the  entire 
group  of  women. 

Because  we  had  previously  observed  that  BMI  modified  the  effect  of  abdominal 
adiposity,  as  a  marker  of  insulin  resistance,  on  breast  cancer  risk  (16),  we  performed  an 
analysis  of  breast  cancer  risk  within  strata  of  BMI  and  waist-to-hip  ratio.  Strata  were 
determined  by  the  median  for  controls.  Matching  was  retained  and  only  the  case-control 
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sets  that  matched  on  BMI  stratum  were  included.  We  also  conducted  an  unmatched 
analysis  that  included  all  pairs,  but  the  results  did  not  differ  and,  therefore,  only  the 
results  for  the  matched  analysis  are  presented  here.  In  premenopausal  women,  point 
estimates  were  similar  in  the  strata  defined  by  low  and  high  BMI.  The  age  and 
reproductive  variable  adjusted  RR  for  the  highest  tertile  of  glucose  was  2.21  (95%  Cl: 
0.80-5.50)  in  the  stratum  at  low  BMI  (BMI<24)  versus  1.57  (95%CI:0.57-4.36)  in  the 
stratum  at  high  BMI  (BMI>24).  The  adjusted  relative  risks  for  low  and  high  BMI  were 
1.03  (95%CI:  0.35-3.09)  versus  1.22  (95%CI:0.39-3.80)  for  insulin,  2.04  (95%  Cl:  0.71- 
5.85)  versus  2.40  (95%  Cl:  0.86-6.66)  for  IGF-1,  1.09  (95%  Cl:  0.41-2.84)  versus  1.98 
(95%  Cl:  0.65-6.02)  for  IGFBP-3.  We  observed  similar  results  for  free  IGF-1,  IGFBP-1, 
and  IGFBP-2  across  BMI  strata.  In  postmenopausal  women  there  was  a  suggestion  of 
effect  modification  by  BMI  (Table  6).  The  data  need  to  be  interpreted  cautiously  because 
of  the  low  sample  size  in  each  cell.  The  point  estimates  for  glucose,  insulin,  IGF-I  and 
free  IGF-I  appeared  to  be  higher  in  women  with  higher  BMI.  When  multiplicative 
interaction  was  examined  in  the  logistic  regression  model,  we  observed  significant 
interactions  of  BMI  with  insulin,  free  IGF-I,  IGFBP-1  and  IGFBP-2.  For  both 
premenopausal  and  postmenopausal  women  in  the  analysis  stratified  by  waist-to-hip 
ratio,  there  was  no  evidence  of  effect  modification  by  abdominal  adiposity  (data  not 
shown). 
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During  the  conduct  of  the  study,  we  did  not  observe  specific  problems  in 
accomplishing  any  of  the  task. 

KEY  ACCOMPLISHMENTS 

1)  The  most  interesting  findings  of  the  study  is  the  association  of  fasting  glucose,  an 
indicator  of  insulin  resistance  and  impaired  glucose  metabolism  in  population  based 
studies,  with  breast  cancer  risk  in  premenopausal  women. 

2)  We  also  confirm  previous  epidemiological  observations  that  elevated  circulating  IGF-I 
precedes  breast  cancer  occurrence  in  premenopausal  women  (Hankinson  S  et  al,  1998; 
Toniolo  P  et  al.,  2000). 

3)  We  also  observe  a  positive  association  of  IGFBP-3  and  breast  cancer. 

4)  In  postmenopausal  women,  glucose,  and  IGF-I  pattern  are  not  associated  with  breast 
cancer.  However,  we  observe  a  tendency  toward  a  potential  association  of  these  variables 
only  in  the  the  sub-group  of  postmenopausal  women  at  high  BMI. 

This  is  the  first  time  that  fasting  glucose  has  been  identified  as  strong  predictor  of  breast 
cancer.  The  potential  implication  of  this  outcome,  if  confirmed  by  future  studies,  will  be 
of  huge  relevance  for  breast  cancer  research,  prevention  and  therapy. 
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The  attached  paper  has  been  send  for  publication  to  Cancer  Epidemiology,  Biomarkers 
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Breast  Cancer:  A  Prospective  Study. 

CONCLUSION 

The  most  interesting  findings  of  the  present  study  is  the  association  of  fasting  glucose 
with  breast  cancer  risk  in  premenopausal  women.  We  previously  found  in  this  population 
that  abdominal  adiposity  was  related  to  breast  cancer  risk  only  in  premenopausal  women 
(16).  In  our  study,  the  association  of  serum  fasting  glucose  appeared  to  be  independent 
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of  the  levels  of  insulin  and  IGF-I  since  adjustment  for  those  variables  did  not 
substantially  modify  the  risk  estimates.  Fasting  glucose  levels,  after  an  overnight  fast, 
depends  on  the  hepatic  and  renal  gluconeogenesis  (35).  Apart  from  reduction  in  insulm 
sensitivity  or  insulin  secretion  which  cause  increased  glucose  production  and  decrease 
glucose  utilization  (36),  gluconeogenesis  is  stimulated  by  counterregulatory  hormones 
such  as  adrenal  hormones,  epinephrine  and  cortisol,  and  by  androgens  and  growth 
hormones  (37,  38).  These  hormones  are  determinants  of  morning  fasting  glucose  and 
further  studies  are  needed  to  clarify  the  potential  etiological  role  of  these  hormones  in 
breast  cancer.  On  the  other  hand,  one  can  speculate  that  increased  serum  glucose 
availability  may  offer  a  selective  advantage  to  malignant  cells  with  increased  serum 
glucose  requirement  (1).  In  addition,  glucose  itself  may  support  carcinogenic  processes 
through  the  generation  of  free  radicals,  and  the  induction  of  oxidative  damage  to  both 
DNA  and  to  the  enzymes  involved  in  the  repair  and  processing  of  DNA  (39-43). 

There  is  now  accumulating  evidence  linking  IGF-I  to  several  types  of  cancers  (51).  In 
particular  for  breast  cancer,  it  is  possible  that  variables  related  to  glucose  metabolism  and 
insulin  resistance  may  be  of  etiological  relevance  only  in  younger  women.  This 
hypothesis  is  supported  by  the  consistency  of  the  association  between  prediagnostic  IGF- 
1  and  breast  cancer  only  in  premenopausal  women  (14,  15  and  our  present  results).  In  our 
study,  total  IGF-I  was  more  strongly  associated  with  breast  cancer  risk  than  free  IGF-I. 
We  found  a  suggestion  of  a  potential  threshold  effect;  risk  increased  for  women  with  free 
IGF-I  levels  above  the  median  level.  There  is  evidence  that  the  binding  proteins 
determine  bioavailability  of  IGF-I  and  that  only  the  fraction  of  IGF-I  bound  to  IGFBPs  is 
protected  against  rapid  degradation  (52,  53).  Thus,  free  IGF-I  may  exert  a  permissive 
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effect  towards  cancer  development  only  if  its  levels  are  high  enough  to  exceed  the 
degradation  process. 

IGFBP-2  has  shown  to  have  a  protective  effect  in  our  and  other  studies  (51).  The  role  of 
IGFBP-3  in  the  regulation  of  breast  cancer  cell  growth  is  however  unclear:  both  growth 
inhibition  and  stimulation  have  been  documented  in  tissue  culture  systems  and 
epidemiological  investigations  (51, 54).  One  of  the  proposed  fimctions  of  IGFBPs  is  to 
increase  the  half-life  of  IGFs  in  circulation  (52,  53).  Thus,  IGFBP-3  may  enhance  the 
action  of  IGF-I  by  protecting  it  from  degradation  (55).  Another  role  of  IGFBPs  is  to 
regulate  IGF  action  by  modulating  IGF-I  bioavailability  at  the  target  tissue  and  IGF-I 
binding  to  the  receptor  (56).  We  speculate  that  a  key  role  in  development  of  breast  cancer 
is  not  only  linked  to  the  absolute  IGFBPs  levels,  but  rather  to  an  imbalance  in  IGF-I  and 
binding  proteins  concentration  leading  to  a  perturbation  of  the  IGF  milieu. 

Finally,  we  found  effect  modification  by  menopausal  status  for  the  association  between 
the  variables  related  to  glucose  metabolism  and  lGF-1  pattern.  It  is  possible  that  the  effect 
of  menopausal  status  on  the  association  observed  in  the  present  study  is  explained  in  part 
by  differences  in  the  estrogen  milieu.  The  principal  endocrine  change  of  menopause  is  a 
decrease  in  estrogen  serum  levels  (57).  There  is  evidence  that  estrogens  increase  the 
levels  of  cellular  IGF-I  and  that  IGF-I  upregulates  responses  to  estrogen  at  the  receptor 
level  (58).  In  our  study,  most  of  the  factors  related  to  glucose  metabolism  and  IGF-I 
pattern  were  associated  with  an  increased  risk  of  breast  cancer  only  among  heavier 
postmenopausal  women.  Thus,  the  effect  of  BMI  on  the  considered  association  with 
breast  cancer  may  be  explained  by  both  the  relation  between  increased  body  fat  with 
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insulin  resistance  and  secretion  of  IGF-I  (59)  and  by  the  increased  availability  of 
estrogens  due  to  the  aromatization  of  androgens  in  adipose  tissue. 

In  conclusion,  this  study  shows  that  fasting  glucose  is  a  predictor  of  breast  cancer.  In 
addition,  we  observed  a  strong  relation  of  IGF-I  and  IGFBP-3  with  breast  cancer  risk  and 
moderate  association  with  insulin.  The  associations  were  mainly  restricted  to 
premenopausal  women.  Further  studies  are  needed  to  clarify  the  exact  role  of  glucose 
metabolism  pathways  in  breast  cancer  development  and  their  differential  effect  in 
premenopausal  versus  postmenopausal  women. 
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Table  1.  Baseline  characteristics  of  breast  cancer  cases  and  controls  by  menopausal  status 
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One  way  ANOVA  (P<  .05);  differences  between  cases  and  controls. 


Table  2  Estimated  Risks  (RR)  of  Premenopausal  Breast  Cancer  and  95%  confidence  limits  by  serum  levels  of  fasting  glucose, 
insulin,  insulin-like-growth  factor  (IGF)-I,  and  IGF  Binding  Proteins  (IGFBPs). 
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[=  Reference  category 

•  Adjusted  for  age,  BMI,  age  at  menarche,  age  at  first  birth,  parity. 


Table  3  Estimated  Risks  (RR)  of  Postmenopausal  Breast  Cancer  and  95%  confidence  limits  by  serum  levels  of  fasting  glucose, 
insulin,  insulin-like-growth  factor  (IGF)-I,  and  IGF  Binding  Proteins  (IGFBPs). 
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[=  Reference  category 

•  Adjusted  for  age,  BMI,  age  at  menarche,  age  at  first  birth,  parity,  and  age  at  menopause. 


Table  4.  PREMENOPAUSAL  WOMEN  CHARACTERIZED  BY  AN  AGE  AT 
DIAGNOSIS  LESS  THAN  48  YEARS  (36  cases  and  138  control  subjects). 
Estimated  risks  (RR)  of  breast  cancer  risk  and  95%  confidence  limits  (95%CI)  by  serum 
levels  of  fasting  glucose,  insulin,  insulin  growth  factor  (IGF)-l  and  IGF  binding  proteins 
(IGFBPs). 

Variables 

lTertileRR(95%CI) 

2TertileRR(95%CI) 

3  Tertile  RR  (95%  Cl) 

Glucose 

1.00 

1.43  (0.55-3.73) 

2.30  (0.74-7.09) 

Insulin 

1.00 

1.26  (0.49-3.23) 

0.87  (0.27-2.81) 

IGF-1 

1.00 

1.51  (0.53-4.29) 

1.52  (0.50-4.60) 

Free  IGF- 1 

1:00 

0.55(0.17-1.71) 

0.74  (0.23-2.34) 

IGFBP-1 

1:00 

0.52  (0.17-1.58) 

1.23  (0.38-3.95) 

IGFBP-2 

1:00 

1.04  (0.38-2.78) 

1.04  (0.33-3.26) 

IGFBP-3 

1:00 

1.04  (0.39-2.74) 

1.12  (0.41-3.06) 

Table  5.  PREMENOPAUSAL  WOMEN  CHARACTERIZED  BY  AN  AGE  AT 
DIAGNOSIS  EQUAL-MORE  THAN  48  YEARS  (33  cases  and  127  contro  subjects). 
Estimated  risks  (RR)  of  breast  cancer  risk  and  95%  confidence  limits  by  serum  levels  of 
fasting  glucose,  insulin,  insulin  growth  factor  (IGF)-l  and  IGF  binding  proteins 


(IGFBPs). 

Variables 

1  Tertile  RR  (95%  C  I) 

2  Tertile  RR  (95%  Cl) 

3  Tertile  RR  (95%  Cl) 

Glucose 

1.00 

0.78  (0.21-2.85) 

4.20  (1.12-15.72) 

Insulin 

1.00 

2.00  (0.50-7.97) 

4.34(0.97-19.35)  . 

IGF-1 

1.00 

2.46  (0.65-9.29) 

15.43  (3.25-73.19) 

Free  IGF-1 

1:00 

2.24  (0.63-7.92) 

4.97(1.33-18.54) 

IGFBP-1 

1:00 

0.82  (0.25-2.67) 

0.27(0.06-1.18) 

IGFBP-2 

1:00 

0.38(0.11-1.31) 

0.61  (0.16-2.25) 

IGFBP-3 

1:00 

1.85  (0.56-6.02) 

2.70  (0.68-10.70) 

le  6  Estimated  risk  of  Postmenopausal  Breast  Cancer  associBed  with  glucose  metabolism  and  IGF-I  factors  by  strata  of  B 


Point  estimates  were  adjusted  for  age  and  reproductive  variables 
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Running  title:  Serum  glucose  and  subsequent  breast  cancer  risk 


Abstract 


There  is  some  evidence  that  glucose  and  other  factors  related  to  glucose  metabolism,  such 
as  insulin  and  insulin-like  growth-factors  (IGFs)  may  contribute  to  breast  cancer  development. 

The  present  study  analyzed  the  hypothesis  that  serum  glucose,  insulin  levels,  and  insulin¬ 
like  growth  factor  (IGF)-I  pattern  are  associated  with  breast  cancer  using  a  nested  case-control 
study.  Between  1987  and  1992, 10,786  women  aged  35-69  were  recruited  in  a  prospective  study 
in  Italy.  Women  with  history  of  cancer  and  on  hormone  therapy  were  excluded  at  baseline.  At 
recruitment,  blood  samples  were  collected  after  12  hours  fast  between  7:30  and  9:00  AM  from 
all  study  participants. 

After  5.5  years,  144  breast  cancer  cases  were  identified  among  the  participants  of  the 
cohort.  Four  matched  controls  were  chosen  for  each  breast  cancer  case  from  members  of  the 
cohort  who  did  not  develop  breast  cancer  during  the  follow-up  period. 

In  premenopausal  women,  glucose  was  associated  with  breast  cancer  risk:  the  age,  BMI, 
and  reproductive  variable  adjusted  relative  risk  (RR)  for  the  highest  quartile  of  serum  glucose 
versus  the  lowest  was  2.8  [95%  Confidence  Interval  (Cl)  1.2  -  6.5],  p  for  trend  0.02.  Insulin 
showed  a  weaker  association  with  breast  cancer,  the  adjusted  RR  of  the  highest  quartile  versus 
the  lowest  was  1.7  (95%  Cl  0.7  -  4.1),  p  for  trend  0.14,  while  the  adjusted  RR  of  the  highest 
quartile  of  IGF-I  was  3.1  (95%  Cl  1.1  -  8.6),  p  for  trend  0.01.  Increased  levels  of  IGFBP-3  were 
related  to  breast  cancer  risk:  the  adjusted  RR  for  the  highest  quartile  was  2.1  (95%  Cl  0.95  - 
4.75),  p  for  trend  0.02.  In  postmenopausal  women,  none  of  the  variables  was  associated  with 
breast  cancer  risk. 

These  results  indicate  that  chronic  alteration  of  glucose  metabolism  is  related  to  breast 
cancer  development  in  premenopausal  women. 


Introduction 


There  is  biological  evidence  that  glucose  and  other  factors  related  to  glucose  metabolism, 
such  as  insulin  and  insulin-like  growth-factors  (IGFs)  may  contribute  to  breast  cancer 
development.  Glucose  may  play  a  direct  role  in  the  development  of  breast  cancer  by  favoring  the 
“selection”  of  malignant  cell  clones  (1).  Neoplastic  cells  have  been  shown  to  extensively  utilize 
glucose  for  proliferation  (1).  Increased  metabolism  of  glucose  toward  the  pentose  phosphate 
pathways  is  one  of  the  central  metabolic  characteristics  of  malignant  tissues  (2).  In  addition, 
insulin  is  a  powerful  mitogenic  agent.  In  cell  culture,  insulin  induces  dose-dependent  growth 
response  in  breast  cancer  cell  lines  acting  via  insulin  receptor  (3-5).  Moreover,  insulin  may  also 
play  a  role  in  tumor  promotion  by  upregulation  of  ovarian  steroid  secretion  (6,7).  Intraportal 
insulin  levels  influence  IGF-1  bioavailability  (8).  IGF-I  is  a  small  peptide  (about  7,500  DA) 
with  significant  structural  homology  with  proinsulin  and  insulin  (9),  and  is  highly  regulated  by 
growth  hormone  (GH)  (10).  IGF-I  stimulates  multiple  cellular  responses  that  are  related  to 
growth,  including  synthesis  of  DNA,  RNA,  and  cellular  proteins  (11). 

There  is  epidemiological  evidence  of  a  close  association  between  major  alteration  in 
glucose  metabolism  and  breast  cancer  risk.  In  two  prospective  studies  there  was  a  doubling  of 
breast  cancer  risk  for  women  who  had  a  diagnosis  of  diabetes  at  baseline  (12,  13).  Prospective 
epidemiological  evidence  also  supports  an  etiological  role  of  IGF-1  in  the  development  of  breast 
cancer  (14,  15).  Furthermore,  consistent  with  the  evidence  of  a  positive  association,  variables 
related  to  insulin  resistance  such  as  BMI  and  abdominal  adiposity  have  been  related 
prospectively  to  breast  cancer  risk  (16-19). 

The  purpose  of  the  present  prospective  nested  case-control  study  was  to  investigate  the 
association  of  prospectively  measured  serum  fasting  glucose,  serum  insulin,  and  IGF-I  pattern, 
defined  in  the  present  analysis  by  IGF-I,  free  IGF-I,  and  IGF-I  binding  proteins  IGFBP-1, 


IGFBP-2,  and  IGFBP-3,  with  breast  cancer  risk.  The  primary  hypothesis  of  the  study  was  that 
fasting  glucose,  insulin,  and  IGF-1  pattern  were  associated  with  breast  cancer. 

Material  and  Methods 

Between  June  1987  and  June  1992, 10,786  healthy  women,  aged  35  to  69  years,  residents 
of  Varese  province.  Northern  Italy,  participated  in  a  prospective  study  of  hormones,  diet,  and 
breast  cancer  risk:  the  HQRmones  and  Diet  in  the  ETiology  of  breast  cancer  prospective  cohort 
study  (ORDET)  (20, 21).  All  members  of  the  cohort  were  volunteers  recruited  from  the  general 
population  through  radio,  television  and  newspaper  advertising.  Women  were  also  invited  to 
participate  in  the  study  through  meetings  organized  by  municipalities,  local  offices  of  the  Italian 
National  Health  System,  women’s  associations,  churches,  and  unions.  There  were  162,700 
women  between  35  and  69  years  of  age  (the  age-range  of  the  cohort  study)  in  Varese  province 
during  the  recruitment  phase  of  the  study  (22).  Thus,  the  total  number  of  women  recruited  in  the 
cohort  represented  approximately  7%  of  the  general  population  of  women  in  that  age  range  in 
Varese  province. 

The  major  focus  of  the  ORDET  study  was  the  relation  of  endogenous  hormones  with 
breast  cancer  risk.  Thus,  at  recruitment  several  sources  of  hormone  variability  were  controlled 
for  by  both  inclusion  criteria  and  highly  standardized  conditions  at  blood  drawing.  Women  with 
bilateral  ovariectomy,  those  currently  pregnant  or  breast-feeding,  those  on  oral  contraceptives  or 
hormone  replacement  therapy,  or  those  affected  by  metabolic  diseases  influencing  the  endocrine 
profile  (i.e.,  liver  diseases)  were  not  eligible  for  the  study.  Women  with  a  previous  history  of 
cancer  were  also  not  eligible.  At  baseline,  information  on  diet,  reproductive  history,  family 
history  of  breast  cancer,  education,  and  occupational  history  were  collected  together  with  data  on 
height,  weight,  and  other  anthropometric  characteristics.  On  June  1995,  after  an  average  of  5.5 


years  of  follow-up,  the  ORDET  data  were  linked  with  the  local  Lombardy  Cancer  Registry  (23, 
24)  files  to  identify  breast  cancer  cases  and  with  the  regional  municipal  data  of  Varese  residents 
to  check  the  vital  status  of  the  cohort  members.  Ten  women  were  considered  lost  to  follow-up, 
37  women  had  been  diagnosed  with  breast  cancer  before  enrollment  in  the  cohort,  four  "were 
diagnosed  with  breast  cancer  in  situ.  Thus,  there  were  10,735  women  available  for  this  study. 
Among  those,  89  died  from  causes  other  than  breast  cancer  and  144  were  identified  by  the  cancer 
registry  as  cases  of  invasive  breast  cancer  (73  were  premenopausal  and  71  postmenopausal  at  the 
time  of  recruitment).  Postmenopausal  status  was  defined  as  the  absence  of  menstrual  bleeding  for 
at  least  12  months  before  enrollment. 

For  each  breast  cancer  case,  four  matched  control  subjects  were  randomly  chosen  from 
members  of  the  cohort  who  did  not  develop  breast  cancer  during  the  follow-up  period.  Controls 
were  matched  to  cases  on  age  (±  5  years),  menopausal  status,  daylight  saving  period  at 
recruitment,  recruitment  center  (there  were  two  recruitment  centers)  and  recruitment  period  (±  89 
days). 

Among  the  premenopausal  women,  there  were  no  stored  serum  specimens  for  4  breast 
cancer  cases  and  1 1  control  subjects  and  the  final  analysis  included  69  breast  cancer  cases  and 
265  control  subjects  (the  16  control  subjects  matched  to  the  missing  breast  cancer  cases  were 
also  excluded).  Among  the  postmenopausal  group  of  women,  seven  breast  cancer  cases  and  18 
controls  did  not  have  serum  samples  in  the  biorepository.  Thus,  the  final  analysis  included  64 
breast  cancer  cases  and  238  control  subjects  (again,  28  control  subjects  matched  to  the  missing 
breast  cancer  cases  were  also  excluded). 

At  recruitment,  blood  samples  were  collected  after  12  hours  fasting  between  7:30  and 
9:00  AM  from  all  participants  in  the  study.  For  premenopausal  women,  blood  was  collected  in 
the  luteal  phase  of  the  menstrual  cycle,  between  the  20th  and  24th  day,  where  the  first  day  of 


menses  was  counted  as  the  first  day  of  the  ovarian  cycle.  All  blood  samples  were  processed  and 
stored  at  -80°C  until  biochemical  determinations. 

Stored  serum  samples  from  breast  cancer  cases  and  related  controls  were  handled 
identically  and  assayed  together  on  the  same  day  and  in  the  same  run.  All  laboratory  personnel 
were  masked  with  regard  to  case-control  status.  The  control  of  analytical  error  was  based  on  the 
inclusion  of  three  standard  samples.  Serum  glucose  was  determined  on  a  Cobas  Mira  automated 
chemistry  analyzer  (Roche  Diagnostic  Systems,  Indianapolis,  IL).  The  intrabatch  coefficient  of 
variation  derived  from  the  quality  control  serum  included  in  the  analytical  runs  was  2.5%.  Serum 
insulin  was  determined  by  standard  double  antibody  radioimmunoassay  (Diagnostic  Systems 
Laboratories,  Webster,  Texas),  with  an  intrabatch  coefficient  of  variation  of  5.2%.  IGF-I,  free 
IGF-I  and  IGFBPs  were  determined  by  double-antibody,  immunoradiometric  assay  (IRMA) 
(Diagnostic  Systems  Laboratories,  Inc.,  Webster,  Texas).  The  mean  intrabatch  coefficients  of 
variation  derived  from  the  quality  control  serum  included  in  the  analytical  runs  were  4.5%  for 
IGF-I,  12.8%  for  free  IGF-I,  2.8%  for  IGFBP-1, 6.4%  for  IGFBP-2,  and  4.3%  for  IGFBP-3. 
Intraindividual  variability  for  fasting  serum  glucose,  insulin,  IGF-I,  free  IGF-I  and  the  IGF-I 
binding  proteins  was  evaluated  in  a  sample  of  59  cohort  members  who  were  asked  to  come  to  the 
recruitment  center  for  a  second  visit  one-year  after  enrollment  (25).  Exclusion  criteria  applied  at 
the  second  drawing  were  as  follows:  pregnancy  or  breastfeeding,  diagnosis  of  cancer  and  change 
in  menopausal  status  between  the  first  and  the  second  visit.  Both  first  and  second  blood  drawing 
were  performed  one-year  apart  in  the  same  month,  on  the  same  day  of  the  month,  and  at  the  same 
hour  and  minute  of  the  day  between  7:30  and  9:00  AM  after  an  overnight  fast.  In  premenopausal 
women,  the  two  blood  draws  were  taken  on  the  same  day  of  the  luteal  phase  of  the  menstrual 
cycle. 


Statistical  Analysis  Means  and  standard  deviations  for  serum  glucose,  insulin,  IGF-I,  free  IGF-I, 
IGFBP-1,  IGFBP-2,  IGFBP-3  and  for  other  risk  factors  for  breast  cancer  were  computed,  and 
compared  for  cases  and  control  subjects  with  one-way  ANOVA.  Means  of  the  variables  were 
also  computed  for  premenopausal  and  postmenopausal  women  and  compared  with  die  t-test  for 
unpaired  samples.  Due  to  skewed  distributions,  serum  glucose,  insulin,  IGFBP-1  and  IGFBP-2 
and  free  IGF-I  were  log  transformed  for  all  analyses.  Quartiles  of  exposure  for  the  relevant 
variables  were  calculated  based  on  the  distribution  of  the  controls.  We  estimated  relative  risks 
(RR)  (26)  and  95%  confidence  intervals  (Cl)  xising  conditional  logistic  regression.  For  adjusted 
analyses,  we  controlled  for  age,  body  mass  index  (BMI),  waist-to-hip  ratio  and  social  and 
economic  status  (SES),  expressed  as  category  of  employment,  and  reproductive  variables 
including  age  at  menarche,  age  at  first  child,  parity,  and  age  at  menopause.  Models  also  were  fit 
using  the  continuous  data  to  test  for  linear  trends. 

Interactions  between  each  component  of  glucose  metabolism  and  IGF-I  pattern  with 
menopausal  status  were  tested  in  the  logistic  regression  models  by  examination  of  the  product 
terms  for  each  considered  variable  and  menopausal  status.  Similarly,  interactions  between  each 
component  of  glucose  metabolism  and  IGF-I  pattern  with  BMI  and  with  waist-to-hip  ratio  were 
examined. 

Reliability  of  hormone  determinations  was  evaluated  by  the  intraclass  correlation 
coefficient  (ICC)  (27). 

Results 

The  ICCs  and  the  lower  limit  of  the  95%  confidence  interval,  reported  in  parenthesis,  were:  0.72 
(0.52),  0.70  (0.49),  0.81  (0.68),  and  0.79  (0.65)  for  glucose,  insulin,  IGF-I,  and  free  IGF-I, 
respectively.  For  IGFBPs,  ICCs  Were  0.89  (0.82),  0.82  (0.69)  and  0.60  (0.33)  for  IGFBP-1, 


IGFBP-2,  and  IGFBP-3,  respectively.  There  were  not  systematic  differences  in  reliability  across 
all  the  considered  biomarkers  by  menopausal  status  or  age  groups  (less  than  or  older  than  49 
years  which  was  the  median  age  of  women  in  this  reliability  study).  IGF-I  and  glucose 
measurements  were  the  only  two  variables  characterized  by  a  notably-  larger  error  in 
premenopausal  than  in  postmenopausal  women.  ICCs  were  0.59  (0.15)  and  0.53  (0.15)  versus 
0.85  (0.69)  and  0.74  (0.45). 

In  Table  1,  we  report  descriptive  data  on  the  study  participants.  Serum  glucose  and 
insulin  levels  were  approximately  5%  and  15%  lower  for  premenopausal  than  for 
postmenopausal  women.  The  premenopausal  women  also  had  30%  higher  IGF-I  levels,  and  15% 
lower  free  IGF-I,  20%  lower  IGFBP-1,  and  5%  lower  IGFBP-3.  Premenopausal  women  were 
thinner,  younger  at  menarche,  younger  at  their  first  birth,  and  had  less  abdominal  adiposity.  We 
tested  interaction  terms  of  each  of  the  IGF  pattern  and  glucose  metabolism  variables  with 
menopausal  status  and  interactions  were  not  significant  for  insulin,  firee  IGF-I,  IGFBP-1,  and 
IGFBP-2;  they  were  borderline  statistically  significant  for  IGF-I  and  IGFBP-3  (p  =  0.1),  and 
statistically  significant  for  glucose  (p  =  0.04).  The  evidence  of  those  statistically  significant 
interactions  between  IGF-I,  IGFBP-3,  and  glucose  with  menopausal  status,  and  the  general 
evidence  that  the  effect  of  reproductive  factors  and  BMI  differ  according  to  menopausal  status 
(28-31),  led  us  to  conduct  separate  analyses  in  premenopausal  and  postmenopausal  women. 

In  premenopausal  women,  serum  fiisting  glucose  was  positively  correlated  with  insulin, 
BMI,  and  waist-to-hip  ratio  (r=0.29,  r=0.20  and  r=0.15,  respectively  with  p<0.01).  It  was  also 
negatively  correlated  with  IGFBP-1  (r=-0.20,  p<0.001).  In  postmenopausal  women,  fasting 
glucose  was  only  related  to  insulin  (r=0.37,  p<.0.001)  and  with  IGFBP-1  (r=0.31,  p<0.0Ql).  In 
both  premenopausal  and  postmenopausal  women,  insulin  was  positively  related  to  BMI  (r=0.30 
for  both  groups,  p<0.005)  and  waist-to-hip  ratio  (r=0.20  for  both  groups,  p<0.005).  In  addition,  it 


was  negatively  correlated  with  IGFBP-1  (r=-0.29,  p<0.001)  in  premenopausal  women  and  with 
IGFBP-2  (r=0.2  p<0.005)  in  postmenopausal  women. 

IGF-I  was  correlated  with  IGFBP-3  (r=0.42  and  r=0.52  in  premenopausal  and  in 
postmenopausal  women,  respectively,  p<0.001)  and  negatively  with  age,  IGFBP-1  and  IGFBP-2 
(r=-0.26,  r=-0.28,  r=-20,  respectively  in  premenopausal  and  r=-0.24,  r=-0.39,  r=-35,  in 
postmenopausal  women,  p<0.005). 

BMI  and  waist-to-hip  ratio  were  correlated  with  an  r=  0.28  (p<0.001)  in  premenopausal 
and  r=0.3 1  (p<0.001)  in  postmenopausal  women. 

Breast  cancer  risks  in  relation  to  quartiles  of  glucose,  insulin,  IGF-I,  free  IGF-I,  IGF-I 
binding  proteins  are  shown  in  Table  2  and  Table  3  for  premenopausal  and  postmenopausal 
women. 

Premenopausal  women  in  the  highest  quartile  of  fasting  glucose  were  at  almost  three 
times  higher  risk  of  developing  incident  breast  cancer  compared  with  those  in  the  lowest  quartile 
(adjusted  RR  2.76;  95%  Cl,  1.18-  6.46,  p  for  trend  =  0.04).  In  the  same  group  of  women,  insulin 
showed  a  slightly  higher  risk  in  the  third  and  fourth  quartiles.  All  the  confidence  intervals 
included  unity  and  there  was  no  evidence  of  a  linear  dose-effect  relation  (p  for  trend  =  0.32). 
Breast  cancer  risk  increased  with  increasing  serum  IGF-I,  the  upper  quartile  adjusted  RR  was 
3.12  (95%  Cl,  1.13  -  8.60,  p  for  trend  =  0.03).  No  significant  association  between  free  IGF-I  and 
IGFBP-1  and  breast  cancer  was  found  in  premenopausal  women.  However,  there  was  some 
suggestion  of  an  increased  risk  associated  with  free  IGF-I  levels  above  the  median  (adjusted  RR 
=  1.80;  95%  Cl  =  0.99  -  3.36  for  levels  above  versus  below  the  median).  Finally,  in 
premenopausal  women,  higher  levels  of  IGFBP-3  (highest  quartile  versus  lowest  quartile)  were 
linked  to  higher  risk  of  breast  cancer  (adjusted  RR  =  2.3;  95%  Cl,  0.97  -  5.53,  p  for  trend  = 


0.02). 


In  premenopausal  women,  we  performed  an  additional  analysis  by  strata  of  age  at 
diagnosis:  the  analysis  was  done  in  premenopausal  women  who  had  breast  cancer  diagnosed 
before  and  after  age  of  48  years,  the  median  age  at  menopause  in  controls.  In  general,  the 
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associations  of  fasting  glucose,  insulin  and  IGF-1  pattern  with  breast  cancer  were-stronger  in 
women  recruited  in  premenopausal  status  who  were  diagnosed  with  breast  cancer  after  48  years 
age.  However,  the  point  estimates  were  characterized  by  very  large  confidence  intervals  (data  not 
shown). 

Associations  of  breast  cancer  risk  with  glucose,  insulin  and  IGF-I  pattern  for 
postmenopausal  women  were  generally  weaker  than  for  premenopausal  women  and  not 
statistically  significant. 

Results  for  premenopausal  and  postmenopausal  women  were  similar  to  those  shown  in 
tables  2  and  3  when  waist-to-hip  ratio  was  added  as  a  confounder.  Adjusting  RRs  for  glucose, 
insulin,  IGF-I  and  fi'ee  IGF-I  for  IGFBPs  also  did  not  alter  estimates  appreciably.  Furthermore, 
the  adjustment  of  insulin  for  glucose,  glucose  for  insulin  or  IGF-I,  and  IGF-I  for  insulin  or 
glucose  did  not  alter  the  point  estimates  shown  in  Table  2  and  in  Table  3  as  well. 

Twenty-one  women  (4  women  who  later  developed  breast  cancer  and  17  control  subjects) 
were  diagnosed  with  diabetes  (either  type  1  or  type  2)  before  the  enrollment  in  the  study.  In 
addition,  12  women  (three  breast  cancer  and  nine  control  subjects)  showed  serum  fasting  glucose 
levels  at  baseline  that  were  higher  than  126  rag/dL,  the  threshold  value  for  the  definition  of 
clinical  diabetes  (32).  We  repeated  all  analyses  with  the  exclusion  of  these  33  subjects  and  the 
controls  matched  to  the  seven  breast  cancer  cases  (28  subjects)  and  found  that  the  point  estimates 
were  similar  to  those  based  on  the  entire  group  of  women. 

Because  we  had  previously  observed  that  BMI  modified  the  effect  of  abdominal 
adiposity,  as  a  marker  of  insulin  resistance,  on  breast  cancer  risk  (16),  we  performed  an  analysis 


of  breast  cancer  risk  within  strata  of  BMI  and  waist-to-hip  ratio.  Strata  were  determined  by  the 
median  for  controls.  Matching  was  retained  and  only  the  case-control  sets  that  matched  on  BMI 
stratum  were  included.  We  also  conducted  an  unmatched  analysis  that  included  all  pairs,  but  the 
results  did  not  differ  and,  therefore,  only  the  results  for  the  matched  analysis  are  presented  here. 
In  premenopausal  women,  point  estimates  were  similar  in  the  strata  defined  by  low  and  high 
BMI.  The  age  and  reproductive  variable  adjusted  RR  for  the  highest  tertile  of  glucose  was  2.21 
(95%  Cl:  0.80-5.50)  in  the  stratum  at  low  BMI  (BMI<24)  versus  1.57  (95%CI:0.57-4.36)  in  the 
stratum  at  high  BMI  (BMI>24).  The  adjusted  relative  risks  for  low  and  high  BMI  were  1.03 
(95%CI:  0.35-3.09)  versus  1.22  (95%CI:0.39-3.80)  for  insulin,  2.04  (95%  Cl:  0.71-5.85)  versus 
2.40  (95%  Cl:  0.86-6.66)  for  IGF-1,  1.09  (95%  Cl:  0.41-2.84)  versus  1.98  (95%  Cl;  0.65-6.02) 
for  IGFBP-3.  We  observed  similar  results  for  free  IGF-1,  IGFBP-1,  and  IGFBP-2  across  BMI 
strata.  In  postmenopausal  women  there  was  a  suggestion  of  effect  modification  by  BMI  (Table 
4).  The  data  need  to  be  interpreted  cautiously  because  of  the  low  sample  size  in  each  cell.  The 
point  estimates  for  glucose,  insulin,  IGF-I  and  free  IGF-I  appeared  to  be  higher  in  women  "with 
higher  BMI.  When  multiplicative  interaction  was  examined  in  the  logistic  regression  model,  we 
observed  significant  interactions  of  BMI  with  insulin,  free  IGF-I,  IGFBP-1  and  IGFBP-2.  For 
both  premenopausal  and  postmenopausal  women  in  the  analysis  stratified  by  waist-to-hip  ratio, 
there  was  no  evidence  of  effect  modification  by  abdominal  adiposity  (data  not  shown). 

Discussion 

The  most  interesting  findings  of  the  present  study  is  the  association  of  fasting  glucose 
with  breast  cancer  risk  in  premenopausal  women.  We  previously  found  in  this  population  that 
abdominal  adiposity  was  related  to  breast  cancer  risk  only  in  premenopausal  women  (16). 
Schoen  and  co-authors  reported  that  fasting  glucose  was  associated  with  colonrectal  cancer. 


another  type  of  cancer  whose  etiology  has  been  related  to  impaired  fasting  glucose  and 
hyperinsulinemic  insulin  resistance  (33).  Another  prospective  study,  the  Malmo  Diet  and  Cancer 
Study,  did  not  find  an  association  between  fasting  glucose  and  breast  cancer  risk  in 
premenopausal  or  postmenopausal  women  (34).  However,  in  that  study  the  definition  of 
postmenopause  allowed  for  potential  misclassification  of  menopausal  status.  For  example, 
women  in  that  study  were  classified  as  postmenopausal  if  they  stated  that  their  menstruations  had 
ceased  without  indication  for  how  long  they  missed  periods,  if  they  self-reported  symptoms  of 
postmenopause  or  if  they  were  taking  any  “female  hormonal  medication”  because  of  such 
symptoms.  Because  menopausal  status  appears  to  be  a  key  variable  in  our  study, 
misclassification  of  menopausal  status  could  have  affected  the  association  between  fasting 
glucose  and  breast  cancer  risk  in  the  Malmo  study. 

In  our  study,  the  association  of  serum  fasting  glucose  appeared  to  be  independent  of  the 
levels  of  insulin  and  IGF-I  since  adjustment  for  those  variables  did  not  substantially  modify  the 
risk  estimates.  Fasting  glucose  levels,  after  an  overnight  fast,  depends  on  the  hepatic  and  renal 
gluconeogenesis  (35).  Apart  from  reduction  in  insulin  sensitivity  or  insulin  secretion  which  cause 
increased  glucose  production  and  decrease  glucose  utilization  (36),  gluconeogenesis  is 
stimulated  by  counterregulatory  hormones  such  as  adrenal  hormones,  epinephrine  and  cortisol, 
and  by  androgens  and  growth  hormones  (37,  38).  These  hormones  are  determinants  of  morning 
fasting  glucose  and  further  studies  are  needed  to  clarify  the  potential  etiological  role  of  these 
hormones  in  breast  cancer.  On  the  other  hand,  one  can  speculate  that  increased  serum  glucose 
availability  may  offer  a  selective  advantage  to  malignant  cells  with  increased  serum  glucose 
requirement  (1).  In  addition, ,  glucose  itself  may  support  carcinogenic  processes  through  the 
generation  of  free  radicals,  and  the  induction  of  oxidative  damage  to  both  DNA  and  to  the 
enzymes  involved  in  the  repair  and  processing  of  DNA  (39-43). 


In  our  study,  there  was  a  modest  association  of  insulin  levels  with  breast  cancer  risk, 
particularly  in  premenopausal  women  and  in  overweight  postmenopausal  women.  Insulin  has 
recently  obtained  attention  as  metabolic  factor  related  to  risk  of  breast  cancer  and  colon  cancer 
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(44-46).  Insulin  has  a  mitogenic  effect  on  mammary  epithelium  cells  (3-5)  and  it  has  been 
observed  that  the  insulin  receptor  is  over-expressed  in  both  human  breast  cancer  and  human 
breast  tissues  (47-50). 

There  is  now  accumulating  evidence  linking  IGF-I  to  several  types  of  cancers  (51).  In 
particular  for  breast  cancer,  it  is  possible  that  variables  related  to  glucose  metabolism  and  insulin 
resistance  may  be  of  etiological  relevance  only  in  younger  women.  This  hypothesis  is  supported 
by  the  consistency  of  the  association  between  prediagnostic  IGF-1  and  breast  cancer  only  in 
premenopausal  women  (14,  15  and  our  present  results).  In  our  study,  total  IGF-I  was  more 
strongly  associated  with  breast  cancer  risk  than  free  IGF-I.  We  found  a  suggestion  of  a  potential 
threshold  effect;  risk  increased  for  women  with  free  IGF-I  levels  above  the  median  level.  There 
is  evidence  that  the  binding  proteins  determine  bioavailability  of  IGF-I  and  that  only  the  fraction 
of  IGF-I  bound  to  IGFBPs  is  protected  against  rapid  degradation  (52,  53).  Thus,  free  IGF-I  may 
exert  a  permissive  effect  towards  cancer  development  only  if  its  levels  are  high  enough  to  exceed 
the  degradation  process. 

IGFBP-2  has  shown  to  have  a  protective  effect  in  our  and  other  studies  (51).  The  role  of 
IGFBP-3  in  the  regulation  of  breast  cancer  cell  growth  is  however  unclear;  both  growth 
inhibition  and  stimulation  have  been  documented  in  tissue  culture  systems  and  epidemiological 
investigations  (5 1 ,  54).  One  of  the  proposed  functions  of  IGFBPs  is  to  increase  the  half-life  of 
IGFs  in  circulation  (52,  53).  Thus,  IGFBP-3  may  enhance  the  action  of  IGF-I  by  protecting  it 
from  degradation  (55).  Another  role  of  IGFBPs  is  to  regulate  IGF  action  by  modulating  IGF-I 
bioavailability  at  the  target  tissue  and  IGF-I  binding  to  the  receptor  (56).  We  speculate  that  a  key 


role  in  development  of  breast  cancer  is  not  only  linked  to  the  absolute  IGFBPs  levels,  but  rather 
to  an  imbalance  in  IGF-I  and  binding  proteins  concentration  leading  to  a  perturbation  of  the  IGF 
milieu. 

Finally,  we  found  effect  modification  by  menopausal  status  for  the  association  between 
the  variables  related  to  glucose  metabolism  and  IGF-I  pattern.  It  is  possible  that  the  effect  of 
ihenopausal  status  on  the  association  observed  in  the  present  study  is  explained  in  part  by 
differences  in  the  estrogen  milieu.  The  principal  endocrine  change  of  menopause  is  a  decrease  in 
estrogen  serum  levels  (57).  There  is  evidence  that  estrogens  increase  the  levels  of  cellular  IGF-I 
and  that  IGF-I  upregulates  responses  to  estrogen  at  the  receptor  level  (58).  In  our  study,  most  of 
the  factors  related  to  glucose  metabolism  and  IGF-I  pattern  were  associated  with  an  increased 
risk  of  breast  cancer  only  among  heavier  postmenopausal  women.  Thus,  the  effect  of  BMI  on  the 
considered  association  with  breast  cancer  may  be  explained  by  both  the  relation  between 
increased  body  fat  with  insulin  resistance  and  secretion  of  IGF-I  (59)  and  by  the  increased 
availability  of  estrogens  due  to  the  aromatization  of  androgens  in  adipose  tissue. 

Limitations  of  this  investigation  warrant  consideration.  The  results  of  this  study  are  based 
on  a  relatively  small  number  of  breast  cancer  cases  and  estimates  may  therefore  be  imprecise. 
Intra-individual  variability  and  the  long-term  effect  of  cryopreservation  are  additional  factors 
potentially  affecting  our  serum  measures  (60,  61).  However,  we  have  found  that  the  variables 
included  in  the  study  are  generally  characterized  by  good  reliability  and  cases  and  controls  were 
matched  on  date  of  sample  collection.  In  addition,  the  present  findings  could  reflect  alteration  in 
glucose  metabolism  and  IGF-I  pattern  as  indicators  of  undiagnosed  breast  cancer  rather  than  a 
cause-effect  association.  To  investigate  this  hypothesis,  we  repeated  the  analysis  within  51 
premenopausal  women  who  developed  breast  cancer  at  least  12  months  after  their  recruitment  to 
the  study.  Risk  estimates  were  similar  to  those  presented  here. 


In  conclusion,  this  study  shows  that  fasting  glucose  is  a  predictor  of  breast  cancer.  In 
addition,  we  observed  a  strong  relation  of  IGF-I  and  IGFBP-3  with  breast  cancer  risk  and 
moderate  association  with  insulin.  The  associations  were  mainly  restricted  to  premenopausal 
women.  Further  studies  are  needed  to  clarify  the  exact  role  of  glucose  metabolism  pathways  in 
breast  cancer  development  and  their  differential  effect  in  premenopausal  versus  postmenopausal 
women. 


The  ORDET  cohort  study  is  being  financed  by  the  Italian  League  against  Cancer  (Milan 
Section)  and  the  Italian  Ministry  of  Health  with  the  contribution  of  the  Italian  National  Research 
Council  (P.F.  A.C.R.O.  number  93.02272,  PF  39).  The  present  phase  of  case-control  studies  has 
been  supported  by  the  Italian  Association  for  Cancer  Research  (AIRC).  The  present  case-control 
analyses  has  been  supported  by  the  USA  Department  of  Defense,  Medical  Research  and  Material 
Command  Breast  Cancer  Research  Program,  Grant  Number  DAMD  179919327. 
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One  way  ANOVA  (P<  .05):  differences  between  cases  and  controls. 


e  2  Estimated  Risks  (RR)  of  Premenopausal  Breast  Cance^nd  95  %  confidence  limits  by  serum  levels  of  fasting  glucose^ 
insulin,  insulin-like-growth  factor  (IGF)-I,  and  IGF  Binding  Proteins  (IGFBPs). 


[=  Reference  category 

•  Adjusted  for  age,  BMI,  age  at  menarche,  age  at  first  birth,  parity. 


ie  3  Estimated  Risks  (RR)  of  Postmenopausal  Breast  Cance^nd  95%  confidence  limits  by  serum  levels  of  fasting  glucose, 
insulin,  insulin-like-growth  factor  (IGF)-I,  and  IGF  Binding  Proteins  (IGFBPs). 
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[=  Reference  category 

»  Adjusted  for  age,  BMI,  age  at  menarche,  age  at  first  birth,  parity,  and  age  at  menopause. 


e  4  Estimated  risk  of  Postmenopausal  Breast  Cancer  associaled  with  glucose  metabolism  and  IGF-I  factors  by  strata  of 


Point  estimates  were  adjusted  for  age  and  reproductive  variables 
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